Objective: To examine the effect of cost, a traditionally "inactive" trait of intervention, as contributor to the response to therapeutic interventions.
In most randomized controlled clinical trials, the therapeutic efficacy of interventions is measured against the response elicited by a placebo. Such response, driven by heightened expectations of efficacy, is referred to as the placebo response. The placebo response may be influenced by nonintrinsic attributes of interventions such as price, 1 brand, 2 and other "inactive" traits. 3 It is well recognized that expectation of a response to treatment is a great modulator of behavior. 4 Thus, probing the neurobiological basis of the placebo response is important to understand the complex response to various medical and surgical interventions and for devising strategies aimed at harnessing its benefits. While the majority of studies examining the response to placebo have focused on pain disorders, 4 there is a large magnitude of placebo response in Parkinson disease (PD), 5 whose pathophysiology remains virtually unknown. We hypothesized that at least some improvement in motor function in PD is attributable to the perceived cost of medication as a proxy of (expectation of) efficacy. In this study, we examined the placebo response of perceived cost on motor function and blood oxygen level-dependent fMRI activity after the administration of normal saline as an "expensive" or "cheap" "injectable dopamine agonist" in patients with moderately advanced PD by using standardized measures of motor performance and a visual-motor associative learning processing fMRI task.
METHODS Study patients. Twelve patients (75% male; age 62.4 6 7.9 years; disease duration 11 6 6 years) with PD meeting UK Brain Bank criteria 6 were enrolled in a double-blind crossover study that purportedly explored the motor benefits of a "new injectable dopamine agonist" compared with a lowerpriced drug of similar presumed efficacy. Patients were documented to have excellent response to levodopa ("on" Schwab and England [S&E] score $85), with associated motor fluctuations but a relatively functional "off" state ("off" S&E score $70 but ,85; Hoehn and Yahr score ,3). This population was selected to provide a range of detectable changes during the measurement of the placebo response. 7 The exclusion criteria were as follows: (1) significant tremor (.2 in the motor part of the Unified Parkinson's disease Rating Scale [UPDRS-III], 8 tremor subscale) to reduce fMRI interference; (2) musculoskeletal disorders that may confound assessment of motor function; (3) previous deep brain stimulation; (4) history of stroke; (5) cerebellar, vestibular, or sensory ataxia; (6) Mini-Mental State Examination score ,24; (7) women of childbearing potential; and (8) any contraindication to 4-tesla MRI.
Standard protocol approvals, registrations, and patient consents. The institutional review board (IRB) approved this study per guidance on the use of deception in human subjects research, after 8-month deliberations including faculty from the School of Psychology experienced in research using intentional deception. 9 It determined that the protocol involved no more than minimal risk and the deception would have no adverse effects on the rights or welfare of the participants. The informed consent document contained as much information about the study as possible (without revealing its true nature) and the 8 required elements as described in 45CFR46.116(a). The IRB determined that the study's value justified not disclosing information on its true nature and that the research met criteria for waiver or alteration of informed consent as described in 45CFR.116(c)(2)(d). Given the risks of affecting the trust of patients, violating the principle of respect for patient autonomy, and ultimately eroding the patient-physician relationship, the IRB also required that all participants were to be selected from the clinic of the principal investigator (A.J.E.). Participants were interviewed about their expectation of global clinical response and were fully debriefed about the study nature at study completion, per IRB requirement. This study was not registered as a clinical trial to prevent disclosure of the true nature of the study to any prospective participants.
Study design and interventions. On visit 1, after $12 hours from the last dose of medication ("practically defined 'off' state" 10 ) and when intake of their standard dopaminergic medications had become clinically effective ("on" state), subjects underwent a baseline "off-on" motor assessment to determine the magnitude of their dopaminergic benefit. Within a week, during visit 2, in the practically defined "off" state, subjects were randomized to receive the "expensive" or "cheap" injectable "dopamine agonist," then crossed over to the alternative intervention in approximately 4 hours, once the perceived benefits were perceived to have worn off. The same motor and fMRI protocol was conducted before (off) and after (on) administration of levodopa in visit 1 and before ("baseline") and after (post-"expensive" or post-"cheap" placebo) study interventions. A random-number sequence for the 12 subjects using a simple block randomization technique with block size 2 was generated to allocate 6 subjects in the "cheap-first" or "expensive-first" placebo arms. The randomnumber sequence was concealed in consecutively sealed opaque envelopes. At visit 2, subjects were informed that they would receive subcutaneous injections of 2 formulations of the same injectable dopamine agonist with the second injection after "wearing off" from the first (for standardized instructions given to patients, see appendix e-1 on the Neurology ® Web site at Neurology.org). Participants were further told that although the formulations were believed to be of similar efficacy, their manufacturing allowed for expensive and cheap versions. They were made to understand that the study was intended to prove that these drugs, while differently priced, were of similar efficacy. Participants were blinded to actual study purpose and debriefed only after study completion. The assessment team, including the rating and fMRI investigators, was blinded to treatment allocation. The randomized phase of the study was conducted during a 6-hour day (figure 1).
Motor measurements and analyses. Main endpoint was motor impairment measured by UPDRS-III (0-108, lower is better). Secondary clinical and device-assisted measurements included S&E activities of daily living scale (0-100, higher is better) 11 and Hoehn and Yahr staging (1-5, higher is worse), 12 patient Clinical Global Impression (CGI) scale of change using a 1 to 7 Likert severity scale (1 5 marked improvement, 7 5 marked deterioration), a tapping apparatus (higher is better), and the Purdue Pegboard Test (higher is better).
Clinical variables were summarized using means 6 SDs. Paired t test was used to compare UPDRS-III scores between off and on states at visit 1. Repeated-measures analysis of variance was used to compare the 3 conditions, baseline, post-expensive treatment, and post-cheap treatment, with interaction term between intervention group and sequencing of intervention. Sequencing or order effect of intervention was examined using stratified analysis. Bonferroni correction was used for multiple comparisons. Wilcoxon signed rank test was used to compare the improvement from baseline in motor function between cheap and expensive placebos. For each sequence of randomization, a paired t test was used to compare UPDRS-III scores from baseline between expensive and cheap placebo groups. An unpaired t test was used to compare the differences in UPDRS-III scores in the first and second period of the study. The results were summarized with median or mean difference with 95% confidence interval or p value. McNemar test was used to compare the changes in proportion of improvement on CGI scales between placebo groups. Finally, we compared the changes from baseline between onlevodopa and expensive placebo, and on-levodopa and cheap placebo. Our planned crossover randomized clinical trial design with a predefined primary motor outcome but a stratified analysis met Level II classification of evidence.
Magnetic resonance imaging. Anatomical and functional brain images were obtained using a 4-tesla MRI/magnetic resonance spectroscopy system (Varian Inc., Palo Alto, CA). The behavioral experiment was programmed in E-Prime, version 1 (www.pstnet.com). All participants wore magnetic resonance-compatible VGA goggles and headphones (Resonance Technologies, Inc.). For each imaging session, when the participant was positioned in the scanner, a 3-plane scout scan was performed followed by a high-resolution T1-weighted 3-dimensional anatomical scan using modified equilibrium Fourier transform sequence: repetition time/echo time 13/6 milliseconds, magnetization preparation time for MDEFT sequence 1. 1 seconds, field of view 256 3 192 3 192 mm, matrix 256 3 192 3 96 mm, slice thickness 1 mm, and flip angle 20°. 13 Next, a multiecho reference scan was performed to correct for geometric distortion and Nyquist ghost artifacts. 14 Finally, echo-planar imaging was performed while subjects underwent 2 runs of the behavioral paradigm using a T2*-weighted, gradient-echo, echoplanar imaging pulse sequence: repetition time/echo time 3,000/29 milliseconds, field of view 256 3 256 mm, matrix 64 3 64 mm, slice thickness 4 mm, flip angle 75°. The MRI system triggered the behavioral paradigm to ensure precise timing of the task regarding image acquisition. The feedback-based visual-motor associative learning paradigm was modified from previous research 15 to accommodate for slower responses. A total of 182 volumes were obtained during each fMRI run. Participants responded by pressing with their right thumb 1 of 2 buttons on a button box, with task and behavioral data (e.g., timing of stimulus and feedback presentations, responses, and outcomes of each trial) recorded.
Imaging paradigm. The visual-motor association task consisted of control and feedback-based visual-motor associative learning conditions. 15 In the control condition, participants saw the digit "1" or "2" presented and had to press the corresponding button 1 or 2. In the learning condition, participants viewed easily named color pictures (e.g., drum, vase), 16 and learned by trial and error to associate each picture with button 1 or 2. Each trial began with the presentation of a fixation cross (1) in the center of the screen for 0.5 to 3.5 seconds (variable delay), then a picture or digit appeared on screen for 4.125 seconds while subjects responded. A blank screen was presented for 0.5 to 3.5 seconds (variable delay) followed by performance feedback: 1 indicating success (positive feedback or reward), 0 indicating an error (negative feedback), or ? indicating failure to respond in time. Before entering the scanner, participants were given oral and written instructions and training with pictures different from those used during scanning. Each participant performed 2 runs of the task in each fMRI session (i.e., each participant performed 8 runs of this task throughout the study). In each run, participants had to learn responses to 4 pictures, with each picture presented 8 times in pseudorandom order.
Image processing. Reconstruction and analysis of the raw data (Analysis of Functional NeuroImages: http://afni.nimh.nih.gov/afni) 17 are presented in detail in appendix e-2.
RESULTS
Motor results. Compared with the off state at visit 1, levodopa significantly decreased UPDRS-III scores and increased Purdue Pegboard and tapping scores, as expected for a cohort of subjects with levodopa-responsive PD (table 1) . Both placebos improved motor function compared with their respective baseline. Overall, there were significant differences among the 3 groups (baseline, cheap placebo, and expensive placebo) at visit 2 (table 1). We found 9% overall improvement with expensive placebo as compared with cheap placebo (p 5 0.27). When ignoring the second study period to eliminate the order effect, we observed a 10% improvement with expensive placebo as compared with cheap placebo (p 5 0.28) (table e-1).
In stratified analyses, UPDRS-III score significantly decreased and tapping score increased only when patients were allocated to expensive placebo first (table 1) . Overall, 14% improvement was obtained when expensive placebo was administered first compared with cheap placebo (table e-1). First-given cheap placebo reduced UPDRS-III score to a lesser extent than expensive placebo (p 5 0.034) and levodopa (p 5 0.042; figure 2 ). There was no significant order effect for the Purdue Pegboard. Expensive placebo yielded a higher overall proportion (66.7%) of "very good" and "marked improvement" on patient CGI scales compared with cheap placebo (58.3%), although the difference was not statistically significant.
Imaging results. Compared with baseline off state in visit 1, levodopa led to a deactivation during task Table 1 Effect of levodopa at visit 1 and effect of placebo at visit 2 (overall effect and analysis of order effect)
Effect of levodopa (visit 1) . H&Y disease staging: 1-5 (higher is worse); S&E disability scores: 0-100 (higher is better). a Note that baseline UPDRS-III scores before cheap and expensive placebo (visit 2) are within 2 points from the overall study baseline (visit 1), a difference not clinically or statistically significant. b Post hoc analysis showed that there is a significant difference in UPDRS-III scores between baseline and expensive placebo (p 5 0.007).
Neurology 84 February 24, 2015 performance of selected brain regions, including the left putamen, left sensorimotor cortices, and left premotor cortex (voxel-wise p , 0.005, cluster of $37 voxels) ( figure 3) . At visit 2, cheap but not expensive placebo increased activation in the bilateral anterior and posterior cingulate cortices, left lateral sensorimotor cortex, and right parietal cortex and other regions (figure e-1, table e-2). Stratifying by order of administration, first-given cheap placebo produced stronger brain activation compared with first-given expensive placebo. The magnitude of activation of expensive placebo was robust only when given after cheap placebo (carryover effect) ( figure 4A , table e-3). The order-of-administration interaction effect on levels of brain activation during the visual-motor association task was qualitatively similar in all 4 conditions in selected brain regions depending on which placebo was delivered first (figure 4B). First administration consistently increased brain activation by cheap but not by expensive placebo. The effects of the second administration were confounded by the outcomes of the first administration.
Debriefing. Upon completion of the study, subjects were informed as to the nature of the study with placebo-only use. Responses ranged from disbelief to amazement regarding changes experienced, with 8 subjects endorsing having held heightened expectations of benefit whereas 4 subjects admitting no prior expectation of benefits. Subjects in the latter group experienced overall negligible changes and declared no change in the exit CGI assessment. All patients understood the importance of the study and expressed their appreciation at the magnitude of changes induced by their expectations. All patients resumed routine neurologic care with the principal investigator.
DISCUSSION The perception of higher cost modified the placebo response in subjects with PD. A larger motor benefit was achieved by a "costlier" intervention, particularly when given first. This differential effect of cost was dependent on the order of administration, whereby expensive placebo improved motor function 2-fold over cheap placebo if given first. Effects on brain activation exhibited a corresponding pattern of order, although with a reversed direction of effect. Expensive placebo improved motor function but decreased brain activation (in a manner qualitatively similar to levodopa), whereas cheap placebo exerted a robust level of brain activation with only modest effect on motor improvement. A similar pattern of response to placebo in the sensory-motor network was recently found in an fMRI study evaluating brain activity during rest. 18 Our data showed that brain activation of visualmotor associative circuits is greatest when cheap placebo is given first and lowest when expensive placebo is given first, suggesting greater brain "effort" (more activity) under placebo conditions of lowered expectations. Both the brain activation and clinical response were qualitatively similar to levodopa. This relationship between brain activation and motor scores is supported by the mirrored directionality with CGI scores shown in figure 4B . This study is the first to examine in a randomized and blinded manner the effects of cost, as a nonintrinsic property of any intervention, on the placebo response in PD. Strengths include the use of a validated fMRI paradigm and the elimination of clinically meaningful symptomatic effects by examining patients with moderately advanced PD in the practically defined off period. Limitations include the short-term nature of the assessments (forced by the need to avoid a prolonged levodopa-deprived state) and the low number of study subjects. While it is possible that there are additional differences between treatments in brain activation, our study was only powered to detect major differences based on motor control. One important limitation is that UPDRS-III scores were obtained by an investigator who, while blinded to the order of interventions, was aware of the nature of the study and may have introduced a positive expectation bias (i.e., anticipation of improvement). However, such bias would have affected all subjects and conditions rather than selectively for certain interventions, attenuating the differences between study arms but not blunting them altogether. This potential bias was also mitigated by the additional use of raterindependent instrumental tasks, namely, the tapping apparatus, which mirrored the UPDRS-III changes, and the Purdue Pegboard, which failed to detect differences.
The placebo response in PD is mediated by the release of endogenous dopamine from both the dorsal and ventral striatum. 19, 20 The changes in putamen activation may have represented the neurobiological substrate of the improved motor scores in our study because it is the major target for nigral dopaminergic projections and principal generator of implicit "motor motivation." 21 Dopaminergic upregulation of the same pathways affected by PD is correlated with positive anticipation, motivation, and response to novelty in normal subjects. 22 Saline injection given to subjects with PD believing to have received an active drug and, thus, demonstrating an "expectation of reward" response, is associated with dopamine release Effect of levodopa Compared with baseline, there was a reduction of activity during task performance in selected brain regions, including the left putamen, left sensorimotor cortices, and left premotor cortex (voxel-wise p , 0.005, cluster of $37 voxels).
in the nucleus accumbens similar to the response to reward itself. 23 The effect of a costly intervention, through heightened expectation and positive anticipation, may be expected to yield similar increases in dopamine output to the putamen. Patients' expectations have an important role in the efficacy of medical therapies. Our findings complement the well-known patient preference of brand name over generic, as recently confirmed in a study of similar design to ours. 24 A number of surgical therapies, including fetal mesencephalic grafting 25 and intraparenchymal infusions of glial-derived neurotrophic factor, 26 demonstrated pronounced benefits in initial open-label studies only to fail in randomized controlled trials. 27, 28 The antioxidant glutathione provided for a large out-of-pocket fee as IV infusion at several Effect of cheap vs expensive placebo stratified by order of administration, and interaction of cost by order of administration in the left putamen (A) Compared with expensive placebo, cheap placebo produced stronger brain activation when given first. The magnitude of activation of expensive placebo was robust only when given after cheap placebo. Areas in red-orange show significant interaction of cost by order of administration, in a pattern similar to that shown in the supplementary material (see table e-2). (B) First administration greatly increased brain activation by cheap but not by expensive placebo. The effect of the second administration was confounded by the outcomes of the first administration. Task-induced brain activation (raw units) was greatest when cheap placebo was given first, with little change in activation when expensive was received after cheap (carryover effect). Activation was lowest when expensive placebo was given first, and the reduction was present but attenuated when cheap was received after expensive. We observed a qualitatively similar clinical response pattern shown by the directionality of the Clinical Global Impression (CGI) scores (improvement rated from 4 5 unchanged to 1 5 marked improvement), which are overlapped in red bars.
community practices, 29 despite its failure to cross the blood-brain barrier and its demonstrated lack of efficacy, 30 is another example. Patients require "booster" injections to replicate the dwindling "expectation of reward" response. The unethical commercialization of "the stem cell miracle" 31 is threatening progress for a therapeutic modality with many current challenges that require additional rigorous investigations before it can be further translated to patients. At large personal expense (€6,000-30,000 per procedure), patients with a variety of neurologic disorders including PD continue to receive intrathecal bone marrowderived mesenchymal stem cells at "stem cell clinics" in Germany, Italy, China, and elsewhere. A retrospective analysis of 17 European patients treated for parkinsonism available for follow-up to independent investigators demonstrated no improvements and, in fact, an overall trend for worsening on measures of motor impairment or disability, after a median of 10 months from the intervention. 32 While the open application of expensive but unproven interventions is unethical, strategies to harness placebo responses to enhance benefits of treatment are to be encouraged. 33 Pharmacologic and surgical clinical trials may be augmented by the synergistic addition of superimposed placebo responses in order to maximize benefits while reducing dosage and toxicity. 34, 35 Given that the benevolent use of deception to generate a placebo response is in conflict with the principle of respect for patient autonomy, preliminary data suggest that the use of "nonblind placebo" (inert content disclosed) may be effective 36 and eliminate the need for deception or concealment even in a randomized clinical trial setting. 37 The potentially large benefit of placebo, with or without price manipulations, is waiting to be untapped for patients with PD as well as those with other neurologic and medical diseases.
